L OW back injury is not a new problem. Ramazzini investigated the work relatedness of low back pain and injury in the 1600s (Ryden, 1989) . In this century, many different approaches have been used to minimize the number of low back injuries in the workplace.
Body mechanics training to teach safe lifting and moving practices became popular in the 1960s, but was found to be ineffective in preventing injury (Snook, 1978) . Strength testing to match worker capabilities with job requirements was also found to be ineffective (Snook, 1978) . Ergonomics (designing the job to fit the worker) and task redesign, promoted in the 1970s, were found to be effective (Snook, 1978) , but expensive and time consuming.
In the 1980s, the concept of the back school emerged, which has proved to be a less expensive but effective way of preventing low back injury (Morris, 1984) . Back schools teach workers the anatomy and physiology of the spine, proper nutrition, stress reduction, body mechanics, physical fitness, and the role of posture in preventing back injuries. Owen (1986) and Gates (1988) have found that stressing proper posture and back exercises alone can be very effective in reducing low back injuries.
Since a posture and exercise pro-A posture and exercise program can be done on site and conducted by trained in-house staff.
gram can be done on site and conducted by trained in-house staff, this method of reducing low back injuries appears to be the simplest and least costly option for the employer. The purpose of this article is to discuss the scope and cause of the problem of low back injury and to present the specifics of posture and exercise in primary prevention.
SCOPE OF THE PROBLEM
Back injury is a serious problem in the United States. In 1978, 25 million workdays were lost and $14 billion spent on low back injury (WolIenberg, 1989) . Six hundred thirty thousand separate cases of work related back injury occurred in the U.S. in 1979 alone (Jensen, 1988) . Data from the Bureau of Labor Statistics for 1985 and 1986 show back injury to be an increasing problem, with the rate of injury up to 7.9 per 100 full time workers (Ryden, 1989) .
Workers' compensation payments for low back injury are a senous problem for industry. In 1983, one of every four workers' compensation claims were for low back injury. These claims amounted to one third of all payments made that year, with an average cost per injury of $6,000 (Morris, 1984) .
In 1980, a nationwide study by the Bureau of Labor Statistics (U.S. Department of Labor, 1982) provided a profile of those workers most at risk for a low back injury. The study found that 86% of work related back injuries were experienced by men and that 74% of the injured ranged in age from 20 to 44 years. The industries with the highest rates of back injury were manufacturing, construction, and wholesale trade. Although the number of workdays lost due to the injury varied widely, the average number was 14 lost workdays per case.
The magnitude of the problem of low back injury is clearly evident through these statistics. The specific cause of injury to the low back is not as easy to delineate.
ETIOLOGY OF LOW BACK PAIN
An understanding of the anatomy of the back aids in the appreciation of what causes back pain. Owen (1986) has described the spine as a series of bones (vertebrae) sitting atop one another and forming three gentle curves. The seven uppermost cervical vertebrae form a concave curve, whereas the middle 12 thoracic vertebrae form a convex curve. The lowermost curve is concave and is formed by five lumbar vertebrae. In normal posturing these vertebrae form an S curve.
Pads of cartilage (discs) provide cushioning between the vertebrae. The spinal cord is a bundle of nerve fibers that is encased by, and runs the length of, the spine with smaller groups of fibers exiting the spine at each vertebrae. The entire spinal structure is supported by the liga-.rnents and muscles of the back, abdomen, hip, and thigh. A low back injury, therefore, can be due to an injury of the vertebra, disc, ligament, or muscle.
The specific tissue injured in the majority of low back pain cases has been debated thoroughly in the literature. The intervertebral disc is considered the main culprit by some authors (Deede, 1987; Pedersen, 1988) . This group feels that most low back pain is due to bulging out of the disc (herniation) from excessive pressure or to degeneration of the disc with age, which results in less cushioning ability.
Another group of authors feel that most low back pain is caused by strains and sprains of the muscles . and ligaments supporting the low back (Gates, 1988; Owen, 1986) . Many others believe that the root cause of low back pain is a combination of the above factors. Just as authorities disagree about which tissue is injured in low back pain cases, they also disagree about the timing of the causative event. A number of current theories deal with the timing of low back injury (Stobbe, 1988) .
One theory is that stressful lifting tasks result in mini-trauma to tissues. The effects of these minitraumas accumulate with repetitive exposure. The morphologic changes associated with healing in these tissues decrease their flexibility. Eventually, the cumulative effect of these mini-traumas alters the anatomy so
The specific cause of injury to the low back is not always easy to delineate. that joint, ligament, and muscle motion is restricted. These restrictions lead to intermittent and/or chronic pain due to overloading during normal movement.
A second theory is that pain results directly from single events such as excessive exertions, motions in extreme postural positions, slips, and/ or falls. A third theory incorporates aspects of both other theories. It posits that the cumulative effect of the mini-traumas reduces tolerance of tissue to a level such that this tolerance is exceeded during a single exertion (not necessarily a very stressful exertion), resulting in more extensive tissue damage and pain.
It may be that each theory explains some portion of back pain cases. Although agreement among authors about the origin and timing of low back pain does not exist, most authors do agree proper posture and exercises designed to add flexibility and strength to the lower back are beneficial. A review of these two areas of prevention follows. Venning (1988) discusses the use of a linear health model to understand how proper posture and back care exercises can help to prevent low back injuries. "A state of health exists when the individual or host is able to withstand environmental stressors ... The pathologic state is avoided by either increasing the resistance of the host to the stressor or reducing the strength of the stres-" sor.
POSTURE AND EXERCISES
In this model, proper posture and back care exercises are interventions that increase the resistance of the host to back injury. Proper posture is align-ment of the body so that the normal three curves of the spine are maintained. With the spinal curves intact, stress to the intervertebral discs and supporting muscles and ligaments is minimized. Certain sleeping and sitting positions are even felt to enhance the recovery time from spinal stresses (Venning, 1988) .
Nachernson (1971) studied the pressure exerted on the discs of the lumbar region during lying, sitting, and standing. Nachemson found that lying caused the least amount of intradiscal pressure, followed closely by standing with the S curve maintained. Sitting in the "proper" position and bending in any position raised the intradiscal pressure from twice to more than three times that of lying. Nachemson concluded that lying and standing were the least stressful positions for the low back and that bending and sitting should be minimized when possible. Owen (1986) describes the least stressful position for the low back when lying down. A firm surface is encouraged as well as lying on one's side with knees flexed. Stomach lying is the most stressful and should be avoided. Lying on the back can be made less stressful if a pillow is placed under the knees and a small support placed under the low back.
Lying Position

Standing Posture
When standing, the three natural curves of the spine need to be maintained. When this is accomplished, the ear, shoulder, and hip are in a straight line. The head should be kept up, with the abdomen pulled in and the pelvis tilted forward. When standing in one place for a long period of time, one foot should be raised on a footstool and alternated frequently. Elevation of one foot at a time allows relaxation of the iliopsoas muscles of the low back and helps to prevent muscle fatigue (Back School of Atlanta).
Sitting Posture
Since even "good" sitting posture Low Back Injury Exercise : Sit w ith the back against the back of a cha ir, exhale, and tighten the abdom inal muscles. Slowly count to 10 and then relax. Repeat several times each day (Figure 1) . Pelvic Tilts Purpose: To strengthen the abdominal muscles. Exercise: While standing, tighten the abdom inal muscles and tuck the buttocks under. Tilt the pelvis up and forward at the same time. Hold and slowly count to 10. Relax and then repeat 10 times (Figure 2) . Partial Curl Ups Purpose: To strengthen the abdominal muscles. Exercise: Lie on the back with knees bent and feet flat on the floor. Fold arms across chest and tuck the chin in . Tighten the abdomen and slowly curl halfway up directly to the front. Hold and count to 10. Slowly lower back to floor and repeat 10 times (Figure 3) . Lower Back Rotation Purpose: To stretch and strengthen back rotation muscles. Exercise: Lie on back with knees bent and feet flat on the floor. Drop both knees to one side while rotating head to the opposite side. Hold for a count of five, return to center, and repeat 10 times alternating sides each time (Figure 4) . Wall Slide Purpose : To strengthen back, hip, and leg muscles. 
TABLE (continued) Exercises to Strengthen the Supportive Muscles of the Lower Spine
Leg Lifts
Purpose : To st rengthen the quad riceps and st retch t he hamstrings. Exercise : Sit with back supported by back of chai r and feet f lat on the floor. Lift left leg so that it is parallel to the floor and flex the foot, pointing toes to the ceiling. Hold and slowly count to five. Lower left leg and repeat with the right. Do each leg five t imes and then extend both knees once and hold for a count of five ( Figure 6 ).
Back Bends
Purpose: To stretch back to keep lower back flexible. Exercise: Stand and place hands on small of back. Keep knees straight while bending backward slowly. Push hand s into lower back for support. Hold for count of five and repeat 10 times (Figure 7) .
Elbow Press
Purpose : To stretch and ma inta in t he lower back curve. Exercise : Lie flat on the abdomen and press up onto the forearms while keeping the hips and abdomen on the floor. Relax the trunk and hold for 5 m inutes. Repeat once or twice each day (Figure 8 ).
Single Leg Pull
Purpose: To stretch the hip, lower back, and buttock muscles. Exercise: Lie flat on the back and pull the left knee to the chest while keeping the right knee and lower back pres sed aga inst t he f lo or. Hold fo r a count of f ive, relax, and repea t w ith t he right leg. Alternate legs for a to tal of 10 single leg pulls (Fig ur e 9) . Pelvic Tilts-Lying Purpose : To stretch the abdominal and back muscles. Exercise: Lie on back wi th knees bent and feet flat on the floor. Tighten the abdomen and squeeze buttocks together. Flatten the lower back onto the floor. Hold for a count of 10 and repeat five times ( Figure 10 ). increases the stress level of the lower spine ove r lying or standing, it is nece ssary to learn meas ure s which dec rease this stress as much as possible. T he chai r he ight should be adju sted so tha t th e e lbow s are about eve n wit h the wo rk surface and the feet should be flat on th e floor. The chair should have a lowe r back support to hel p mai ntain the lu m bar curve . T he worker should sit back in the chai r with no slouching.
Leona rd
Sitti ng for mo re th an 1 hour at a time increases th e stress on back mu scles . Periods of standing and/o r walking should , there fore , be inte r-spersed with periods of sitting. Side be ndi ng and twi sti ng shou ld be avoided . A swivel ch air may he lp.
Prope r postur ing techniqu e s increase the resista nce of the host to back injury . Exerc ises that increase the strengt h and flexibility of the muscles and ligame nts th at su pport the sp ine are also interve ntions that increase the host 's resistance to low back injury. Most Americans have weak supportive mu sc les of the lowe r spine due to a sede ntary lifestyle (Owen, 1986; Ga tes, 19HH) .
Weak, tense, and stiff muscl es and ligam ents arc easily fatigued and Low Back Injury injured. Furthermore, weak supportive structures are less able to protect the spine during activities such as bending and lifting. Exercise strengthens the muscle and also can be used as a warm-up activity to stretch muscle fibers and prepare them for work. The exercises shown in the Table were compiled from those suggested by several sources (Owen, 1986; Gates, 1988 ; Back School of Atlanta). These exercises can be done daily for maximum benefit or as infrequently as three to five times a week to slowly gain strength and flexibility. Gates (1988) emphasizes that all stretching and flexibility exercises should be done slowly and gently. Bouncing and quick movements are not beneficial and should be avoided.
The "no pain, no gain" philosophy of some athletes has no place 1.
when conditioning the lower back.
No stretching or flexibility exercise should cause pain.
The role of posture and exercise in the prevention of low back injury in the workplace warrants further research. Owen (1986) theorizes that many back injuries actually occur away from the worksite and then are aggravated by workplace activities. If Owen's theory were to be found valid through independent research, then the role of posture and exercise would assume a more prominent role in the primary prevention of low back injury in the workplace.
